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OBJECTIVE — Recent human studies suggested that serum osteocalcin is associated with the 
cross-talk between bone and energy metabolism. The aim of this study was to determine whether 
serum osteocalcin level is independently associated with the development of type 2 diabetes. 

RESEARCH DESIGN AND METHODS— A retrospective cohort study was performed of 
1,229 nondiabetic men, aged 25-60 years, who were recruited from the Health Promotion 
Center, Samsung Medical Center, between January 1997 and December 1997. They were fol- 
lowed regularly at the center on an out-patient basis and during hospitalization for a mean of 8.4 
years, and the development of type 2 diabetes was determined. 

RESULTS — In the baseline analysis, BMI, body fat percentage, triglyceride, homeostasis model 
assessment of insulin resistance value, and plasminogen activator inhibitor- 1 levels varied in- 
versely with the osteocalcin tertiles, and serum high-density lipoprotein cholesterol levels in- 
creased with the osteocalcin tertiles. However, no differences were observed in fasting glucose 
and glycated hemoglobin levels across the osteocalcin tertiles. Incident type 2 diabetes occurred 
in 90 (7.3%) of the study subjects. In Cox proportional hazards models, however, no statistical 
differences in the development of type 2 diabetes across the osteocalcin tertiles were evident after 
adjustment of other risk factors for incident diabetes. 

CONCLUSIONS — Despite baseline associations with favorable metabolic parameters, the 
serum osteocalcin level was not associated with the development of type 2 diabetes in middle- 
aged males. 



Recently, it has been suggested that 
the osteoblast-specific protein os- 
teocalcin is central in the cross-talk 
between bone remodeling and energy 
metabolism (1-3). Osteocalcin signals to 
both pancreatic (3-cells and adipose tissues 
have been demonstrated; they increase in- 
sulin secretion and p-cell proliferation and 
regulate body fat mass and adiponectin gene 
expression in a genetically modified mouse 
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model (4). In addition, subsequent studies 
have shown that osteocalcin may be of 
value to prevent the development of 
type 2 diabetes in wild- type mice, which 
suggests a therapeutic potential for the 
treatment of metabolic diseases (5,6). 

In agreement with these observations, 
accumulating human evidence has dem- 
onstrated that serum osteocalcin levels are 
inversely associated with blood glucose 



levels and positively associated with insulin 
secretion and insulin sensitivity (7-9). In 
addition, it has been suggested that serum 
osteocalcin levels are inversely associated 
with dysmetabolic phenotypes such as 
atherogenic dyslipidemia, abdominal 
obesity, metabolic syndrome, and increased 
brachial-ankle pulse wave velocity and 
carotid intima-media thickness (10-15). 
Moreover, in one study, serum osteocalcin 
levels were significantly lower in the an- 
giographically proven coronary heart dis- 
ease group than in the normal group and 
were decreased with the number of vessels 
involved (14). 

However, almost all of the human 
studies were based on a cross-sectional 
analysis. Thus, it is still uncertain whether 
the aforementioned findings are merely 
correlations or if any osteocalcin actually 
directly affects energy metabolism in hu- 
mans, as has been shown in animal- and 
cell-based studies. Therefore, we performed 
this study to determine whether serum 
osteocalcin levels are independently associ- 
ated with the development of type 2 di- 
abetes over a mean follow-up period of 
8.4 years. 

RESEARCH DESIGN AND 
METHODS 

Study population 

A detailed description of the study design 
has been published previously (16). In 
brief, the study subjects were recruited 
from among those who visited the Health 
Promotion Center of the Samsung Medical 
Center between January 1997 and Decem- 
ber 1997. A total of 2,435 apparently 
healthy subjects (1,761 men and 674 
women), aged 20-78 years, were enrolled 
in this study and were followed up regu- 
larly at the Health Promotion Center, on an 
out-patient basis and during hospitaliza- 
tion, for a mean of 8.7 years. Of the 2,435 
subjects, we limited the subjects to 1,332 
men, aged 25-60 years, who were expected 
to have minimal bone turnover, to mini- 
mize the effects of age, sex, and other fac- 
tors on serum osteocalcin levels. Among 



From the department of Medicine, Division of Endocrinology and Metabolism, Kyung Hee University 
Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea; the 2 Department of 
Medicine, Division of Endocrinology and Metabolism, Center for Health Promotion, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul, Korea; and the 3 Department of Medicine, 
Division of Endocrinology and Metabolism, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea. 

Corresponding author: Moon-Kyu Lee, leemk@skku.edu. 

Received 20 December 2011 and accepted 16 April 2012. 

DOI: 10.2337/dcl 1-2471 

This article contains Supplementary Data online at http://care.diabetesjournals.Org/lookup/suppl/doi:10 
.2337/dcll-2471/-/DCl. 

© 2012 by the American Diabetes Association. Readers may use this article as long as the work is properly 
cited, the use is educational and not for profit, and the work is not altered. See http://creativecommons.org/ 
licenses/by-nc-nd/3.0/ for details. 



care, diabetesj ournals . org 



Diabetes Care, volume 35, September 2012 



1919 



Osteocalcin and incident diabetes 



them, 103 subjects had diabetes at baseline 
and were excluded from the analysis. Fi- 
nally, 1 ,229 men who had normal glucose 
tolerance (n = 622) or impaired fasting 
glucose (IFG; n = 607) were enrolled for 
the analyses and followed up for a mean 
of 8.4 years. This study was approved by 
the institutional review board and the eth- 
ics committee of Samsung Medical Center 
(IRB no. 2009-10-035) and complied with 
the Declaration of Helsinki. 

Baseline examination 

At baseline, a complete physical exami- 
nation was performed, and personal med- 
ical history and lifestyle factors, including 
cigarette smoking and alcohol consump- 
tion, were determined using a standardized 
questionnaire. Smoking was classified into 
three groups (current smoker, ex-smoker, 
and never smoker), and alcohol intake was 
defined as more than three drinks per day 
(>30 g ethanol/day). Blood pressure was 
measured using a mercury sphygmoma- 
nometer on the right arm with subjects 
in a sitting position after a 5-min rest. 
Weight and height were measured in the 
morning with subjects wearing light cloth- 
ing but no shoes, and the BMI was calcu- 
lated as the weight in kilograms divided by 
the square of the height in meters (kg/m 2 ). 
Percentage of body fat was measured by 
bioelectrical impedance analysis (In Body 
3.0; Biospace, Seoul, Korea). All blood 
samples were obtained during the morning 
after an overnight fast of 12-14 h. Plasma 
glucose was measured in duplicate by the 
hexokinase method using an autoanalyzer 
(Hitachi, Tokyo, Japan). The interassay co- 
efficient of variation (CV) was 1.6%. 
Plasma insulin was measured in duplicate 
using an immunoradiometric assay me- 
thod (Medgenix, Nivelles, Belgium). Intra- 
and interassay CV at serum insulin levels 
of <215 pmol/L were 2.2 and 5.8%, re- 
spectively, and at serum insulin levels of 
>215 pmol/L were 3.9 and 4.5%, respec- 
tively. Standard liver function tests, uric 
acid, 7-glutamyl transpeptidase (7GT), 
and lipid profiles, including serum total 
cholesterol, triglyceride, HDL cholesterol, 
and LDL cholesterol, were determined us- 
ing an autoanalyzer (Hitachi), as were the 
white blood cell counts (Sysmex, Kobe, 
Japan). Fibrinogen level was measured by 
clotting method using a STA coagulation 
analyzer (Stago S.A., France). Plasminogen 
activator inhibitor- 1 (PAI-1) level was mea- 
sured by an enzyme-linked immunosor- 
bent assay method using an Asserachrom 
PAI-1 kit reagent (Stago S.A., France) as 
specified by the manufacturer's protocols. 



Lipoprotein (a) level was measured by the 
rate nephelometry method. Serum total os- 
teocalcin level was analyzed by Metra TM 
Osteocalcin (Quidel, Santa Clara, CA) 
using a Dade Behring ELISA-Processor III 
(Behring Diagnostics, Somerville, NJ) with 
intra- and interassay CVs of 4.8-10.0 and 
4.8-9.8%, respectively. 

Definition of metabolic syndrome 
and diabetes 

Metabolic syndrome was defined using the 
modified National Cholesterol Education 
Program Adult Treatment Panel III (NCEP- 
ATP III) criteria (17). However, we used a 
BMI cutoff value of 25.0 kg/m 2 as the pa- 
rameter for abdominal obesity instead of 
waist circumference. In this study, diabetes 
was defined by any one of the following: 
fasting plasma glucose (FPG) level >7.0 
mmol/L, use of diabetes medication, or 
self-reported physician diagnosis. IFG was 
defined as glucose levels of 5.6-7.0 mmol/L. 
At baseline, the subjects were assessed 
for diabetes, as determined by a standard- 
ized questionnaire and the medical records, 
and followed regularly for the occurrence 
of new onset diabetes. To ascertain the in- 
cidence of type 2 diabetes, all data were 
collected from the Health Promotion Cen- 
ter on an out-patient basis and during hos- 
pitalization. Incident type 1 diabetes was 
excluded based on clinical parameters, in- 
cluding history of ketoacidosis at initial 
presentation, essentially requiring insulin 
therapy for blood glucose control, and 
low to undetectable serum insulin or 
C-peptide levels. The homeostasis model 
assessment (HOMA) was used to estimate 
the insulin sensitivity and (3 -cell function 
from FPG and fasting plasma insulin (FPI) 
concentrations. Insulin resistance (IR) was 
estimated using the HOMA-IR, defined as 
[FPI (|xU/mL) X FPG (mmol/L)] + 22.5. 
HOMA-%B was calculated using (20 X 
FPI) -T- (FPG - 3.5) and was used to repre- 
sent (3-cell function. 

Statistical methods 

All data are presented as the mean ± SD 
or proportion, except for skewed vari- 
ables, which are presented as the median 
(interquartile range, 25-75%). Because 
the distributions of serum levels of tri- 
glyceride, 7GT, lipoprotein (a), PAI-1, 
and HOMA values were skewed, natural 
logarithmic transformation was applied 
in the statistical analysis. For clarity, non- 
transformed median values are presented 
in the tables and text. One-way AN OVA, 
followed by Tukey's post hoc test, was 
used to compare the means between the 



tertiles of osteocalcin levels. Linear-by- 
linear association x 2 test was used for 
trend analysis between the tertiles. Pear- 
son correlation coefficients were cal- 
culated to evaluate the associations 
between osteocalcin and clinical and lab- 
oratory measurements. Cox proportional 
hazards regression model was used to cal- 
culate an adjusted hazard ratio (HR) for 
incident type 2 diabetes among the sub- 
jects with osteocalcin tertiles. The upper 
osteocalcin tertile was used as a reference, 
and the results for the analyses are presen- 
ted as HR with a 95% CI. Analysis was 
performed using PASW version 18.0 
(SPSS, Chicago, IL). P values <0.05 
were considered significant. 

RESULTS — Baseline characteristics of 
the study subjects according to serum total 
osteocalcin tertiles are shown in Table 1. 
Serum total osteocalcin levels were asso- 
ciated with favorable metabolic profiles. 
BMI, body fat percentage, and triglyceride 
levels varied inversely with the osteocalcin 
tertiles (all P < 0.0 1), and serum HDL cho- 
lesterol levels increased with the osteo- 
calcin tertiles (P = 0.014). In addition, 
inflammatory markers such as lipoprotein 
(a) (P = 0.049) and PAI-1 levels (P = 0.004) 
were different, and the prevalence of 
National Cholesterol Education Program- 
defined metabolic syndrome also showed 
a decreasing tendency across the osteocalcin 
tertiles (P < 0.001). However, although the 
levels of IR, represented by HOMA-IR 
value, tended to decrease across the 
osteocalcin tertiles (P = 0.025), no differ- 
ences were observed in FPG and glycated 
hemoglobin (HbA lc ) levels with the 
osteocalcin tertiles. In line with the results 
of the Table 1, the correlation analysis 
showed similar results (Supplementary 
Table 1). 

Incident type 2 diabetes occurred in 
90 (7.3%) of the 1,229 total study subjects 
and 79 (13.0%) of the 607 IFG subjects 
during the 8.4 years of mean follow-up. 
When compared with the upper osteocalcin 
tertile (reference group), no differences 
were observed in the middle or lower 
osteocalcin tertiles for the development of 
type 2 diabetes in Kaplan-Meier survival 
curve (P = 0.578 across the tertiles, Fig. 1). 
The results of Cox proportional hazard 
model analysis are shown in Table 2. Inde- 
pendent variables included in the models 
were age, BMI, body fat percentage, fasting 
blood glucose, HbA lc , systolic blood pres- 
sure, triglyceride, HDL cholesterol, fibrin- 
ogen, PAI-1, smoking status, presence of 
metabolic syndrome, and serum osteocalcin 
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Table 1 — Baseline characteristics according to serum osteocalcin tertiles 
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Tertile 





Total 


Bottom (n = 400) 


Middle (n = 406) 


Top (n = 423) 


P 


Osteocalcin (nmol/L, range) 


1.32 ± 0.47 (0.34-3.69) 0.83 ± 0.20 (0.34-1.08) 


1.28 ± 0.11 (1.09-1.45) 


1.83 ± 0.32 (1.47-3.69) 


<0.001 














BMI (kg/m 2 ) 


23.8 ± 2.3 


24.1 ± 2.1 


23.7 ± 2.3 


23.5 ± 2.5 


<0.001 




Blood pressure (mmHg) 




Diastolic 


82.9 ± 10.0 


83.6 ± 9.8 


82.4 ± 10.0 


82.8 ± 10.3 


NS 


Fasting plasma glucose 

or o 

(mmol/L) 


5.52 ± 0.56 


5.53 ± 0.57 


5.56 ± 0.55 


5.48 ± 0.55 


NS 


HbA lc (%) 


5.3 ± 0.4 


5.3 ± 0.4 


5.3 ± 0.4 


5.3 ± 0.4 


NS 


Log HOMA-B% 


69.4 (50.4-95.4) 


73.6 (52.9-100.8) 


67.7(48.4-91.1) 


66.3 (50.0-94.0) 


NS 


Total cholesterol (mmol/L) 


5.13 ± 0.82 


5.17 ± 0.81 


5.11 ± 0.82 


5.12 ± 0.84 


NS 


Log triglycerides (mmol/L) 


1.47 (1.07-2.05) 


1.59 (1.14-2.21) 


1.42 (1.07-2.01) 


1.42 (1.02-1.94) 


0.004 


HDL cholesterol (mmol/L) 


1.27 ± 0.30 


1.24 ± 0.29 


1.27 ± 0.30 


1.30 ± 0.32 


0.014 


LDL cholesterol (mmol/L) 


3.10 ± 0.75 


3.12 ± 0.75 


3.09 ± 0.74 


3.09 ± 0.75 


NS 


Log 7GT (units/L) 


30.0 (22.0-44.5) 


33.0 (24.0-52.0) 


29.0 (22.0-45.0) 


28.0 (21.0-39.0) 


<0.001 


Uric acid (|xmol/L) 


345.2 ± 63.0 


348.4 ± 61.4 


346.6 ± 64.8 


340.9 ± 62.7 


NS 


Fibrinogen (|xmol/L) 


9.10 ± 1.73 


9.14 ± 1.71 


9.00 ± 1.65 


9.15 ± 1.81 


NS 


Log lipoprotein (a) (|xmol/L) 


0.47 (0.25-0.90) 


0.43 (0.21-0.87) 


0.47 (0.26-0.90) 


0.50 (0.28-0.94) 


0.049 


LogPAI-1 (|xg/L) 


26.0 (16.0-39.0) 


28.0 (18.0-43.0) 


26.0 (16.0-38.3) 


23.0 (15.0-36.0) 


0.004 


Alcohol intake (%) 


374 (30.4) 


130 (32.5) 


126 (31.0) 


118 (27.9) 


NS 


Current smoking (%) 


586 (47.7) 


183 (45.8) 


197 (48.5) 


206 (48.7) 


NS 


Hypertension (%) 


224(18.2) 


80 (20.0) 


60 (14.8) 


82 (19.4) 


NS 


Metabolic syndrome (%) 


351 (28.6) 

















Data are expressed as mean ± SD, median (interquartile range), or frequency. 



level by tertiles. FPG (HR per 1-SD 10.79 
[95% CI 6.47-17.99]) and HbA lc levels 
(2.51 [1.82-3.45]) independently predicted 
future development of type 2 diabetes, and 
HDL cholesterol was associated with a lower 
incidence of diabetes (0.61 [0.47-0.79]). 
However, serum total osteocalcin was not 
associated with incident type 2 diabetes 
across the tertiles. Likewise, serum total os- 
teocalcin was not associated with incident 
type 2 diabetes in the IFG group (Supple- 
mentary Fig. 1 and Supplementary Table 2). 

CONCLUSIONS— In the current study, 
we tried to determine whether serum 
osteocalcin level is independently associ- 
ated with incident diabetes using a retro- 
spective cohort recruited from the Health 
Promotion Center. Of the 2,435 appar- 
ently healthy subjects (1,761 men and 
674 women), we limited the subjects to 
1 ,229 nondiabetic men, aged 25-60 years, 
who were expected to have minimal 
bone turnover to minimize the effects 
of altered bone turnover on serum osteo- 
calcin levels. Previous studies have dem- 
onstrated that serum osteocalcin levels 
showed dynamic changes with age and 



sex (18). In men, serum osteocalcin levels 
were highest in the 20-29 year age group, 
declined and stabilized, then increased 
again in the seventh decade, and serum 
osteocalcin levels showed more dynamic 
changes, and increased abruptly around 
the time of menopause in women. There- 
fore, although we could not totally ex- 
clude the effects of altered bone turnover 
on osteocalcin level by measuring bone 
mineral density or other bone turnover 
markers, such as bone-specific alkaline 
phosphatase or other markers of bone 
resorption, we did attempt to minimize 
the effects of other confounders by uni- 
formly enrolling middle-aged men, who 
were expected to have minimal bone 
turnover. In addition to middle-aged 
male subjects, we investigated the effect 
of osteocalcin on incident type 2 diabetes 
in another study population including 
total men, total women, women who 
were likely to be premenopausal (age 
<50 years), and total men and women. 
In Cox proportional hazard regression 
analyses, serum osteocalcin was not inde- 
pendently associated with incident type 2 
diabetes in all of the aforementioned 



study groups. Therefore, it appears that 
serum osteocalcin is not associated with 
incident type 2 diabetes, not only in middle- 
aged men but also in other groups (data 
not shown). 

In agreement with previous reports 
(10-15), serum osteocalcin levels were 
inversely associated with the presence of 
obesity, atherogenic dyslipidemia (high 
triglyceride and low HDL cholesterol lev- 
els), inflammatory status (high PAI-1 
level), and metabolic syndrome in the 
baseline cross-sectional analyses (Table 1 
and Supplementary Table 1). However, 
although the levels of HOMA-IR, an indi- 
cator of IR, decreased progressively from 
lower to upper osteocalcin tertiles, no dif- 
ferences were observed in FPG and HbA lc 
levels across the osteocalcin tertiles. In- 
stead, serum osteocalcin levels were 
significantly correlated with FPG 
(r = -0.202, P = 0.041) and HbA lc levels 
(r = -0.211, P = 0.033) in 103 patients 
with diabetes at baseline (data not shown). 
Therefore, it appears that serum osteocalcin 
is more closely associated with the param- 
eters reflecting insulin resistance including 
obesity, atherogenic dyslipidemia, and 
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1.00- 




0.80- 



Year 

Figure 1 — Kaplan-Meier survival curve for incident type 2 diabetes according to serum total 
osteocalcin tertiles (red, top tertile; blue, middle tertile; black, bottom tertile) in total subjects 
(P = 0.578 across the tertiles). 



inflammation rather than glucose tolerance 
itself before the onset of diabetes. Presently, 
the association between serum osteocalcin 
and glucose tolerance became evident just 
after the onset of diabetes. In the current 
study, serum osteocalcin was not associ- 
ated with the development of incident 
diabetes during the mean 8.4-year follow- 
up both in unadjusted and adjusted 
models. In addition, when we limited the 
study subjects to the IFG group, no differ- 
ences in the progression rate to diabetes 
were observed (Supplementary Table 2 
and Supplementary Fig. 1). Therefore, the 
role of circulating osteocalcin on glucose 
metabolism might be limited in human 
subjects. 



To date, almost all human studies 
have agreed with the results of previous 
animal studies; that is, serum osteocalcin 
levels are inversely associated with blood 
glucose levels and positively associated 
with insulin secretion and insulin sen- 
sitivity. In addition, serum osteocalcin 
predicts all-cause and cardiovascular 
disease-related mortality in a prospective 
cohort of community-dwelling elderly 
men even though the relationship is 
U-shaped with men at both ends of the 
distribution at increased risk (19). How- 
ever, a few studies have been conducted 
to determine the association between se- 
rum osteocalcin level and glucose toler- 
ance with longitudinal follow-up. Pittas 



Table 2 — Cox proportional hazards regression analysis for incident type 2 diabetes in 
the total subjects 





HR per 1-SD increase in variables 


95% CI 


P 


Osteocalcin tertile 


Top (reference) 


1 


ND 


ND 


Middle 


1.10 


0.67-1.81 


0.70 


Bottom 


1.13 


0.67-1.91 


0.66 


FPG 


10.79 


6.47-17.99 


<0.001 


HbA lc 


2.51 


1.82-3.45 


<0.001 


HDL cholesterol 


0.61 


0.47-0.79 


<0.001 



Values are adjusted for age, BMI, body fat percentage, fasting blood glucose, HbA lc , systolic blood pressure, 
triglyceride, HDL cholesterol, fibrinogen, PAI-1, smoking status, and presence of metabolic syndrome. ND, 
not determined. 



et al. (12) reported that mean osteocalcin 
concentration during follow-up pre- 
dicted change of FPG at year 3 with 198 
study subjects, independently of baseline 
FPG, age, sex, physical activity, smoking, 
education, and change in BMI at year 3. 
Another study also showed that reduced 
serum total osteocalcin (odds ratio 0.90; 
95% CI 0.81-0.99), but not undercar- 
boxylated osteocalcin levels, was an inde- 
pendent risk factor for development of 
diabetes after adjustment for baseline 
FPG, age, BMI, and exercise in 126 sub- 
jects within a nested case-control cohort 
in Thailand during the 10-year follow-up 
(20). Collectively, contrary to our results, 
several cross-sectional and some longitu- 
dinal studies have consistently demon- 
strated that circulating osteocalcin plays 
a favorable role in glucose metabolism in 
humans. However, previous longitudinal 
follow-up studies were conducted with a 
relatively small sample size and short 
follow-up period. Thus, the association be- 
tween serum osteocalcin level and glucose 
tolerance is not yet conclusive in human 
subjects. 

The basis of the discrepancy between 
the present and previous studies is unclear. 
Several suggestions can be made. Contrary 
to animal models, it may be possible that 
osteocalcin has minimal effects on energy 
metabolism in humans, particularly for 
glucose homeostasis. There are data to 
support this suggestion. First, several stud- 
ies have shown that antiresorptive agents 
such as bisphosphonates, raloxifene, stron- 
tium ranelate, and the RANK ligand anti- 
body denosumab suppress bone turnover 
by inhibiting the osteoclasts, and thus 
decrease circulating total osteocalcin levels 
(21-25). In addition, it was reported that 
alendronate treatment significantly de- 
creased serum undercarboxylated osteo- 
calcin level, while serum carboxylated 
osteocalcin and the undercarboxylated-to- 
carboxylated osteocalcin ratio were not af- 
fected in postmenopausal women (26). 
These observations indicate that anti- 
resorptive agents have the potential to in- 
crease the risk of diabetes in theory. 
However, no large clinical trials have re- 
ported an association between treat- 
ment with antiresorptive agents such 
as bisphosphonates and incident diabe- 
tes. Vestergaard (27) showed that the risk 
of developing type 2 diabetes was reduced 
with alendronate, etidronate, and raloxifene 
treatment in a nationwide Danish cohort. 
In particular, a dose-dependent risk reduc- 
tion was observed for alendronate; there- 
fore, antiresorptive drugs do not appear to 
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be associated with an increased risk of di- 
abetes. Rather, they might be protective in- 
volving the suppression of bone turnover. 
Second, it was reported that chronic expo- 
sure to high glucose inhibited cell growth 
of a human osteoblast-like cell line in a 
dose-dependent manner and decreased 
osteocalcin mRNA levels in mouse osteo- 
blast (28,29). In agreement with this obser- 
vation, several human studies showed that 
osteocalcin and other bone turnover mark- 
ers are lower in patients with established 
diabetes (30-33). Thus, it remains unclear 
whether osteocalcin precedes hyperglyce- 
mia or vice versa. Third, although almost 
all human studies have reported the posi- 
tive association between serum osteocalcin 
levels and better glycemic control, Aoki 
et al. (34) showed that serum osteocalcin 
concentration was increased in Japanese 
subjects with early-stage type 2 diabetes 
who had never taken medication. Espe- 
cially, serum osteocalcin level was positively 
correlated with postload 2-h glucose level 
on oral glucose tolerance test. Fourth, pro- 
tein tyrosine phosphatase OST-PTP, the 
protein encoded by Esp that regulates 
osteocalcin carboxylation, is a mouse gene 
that is not expressed in humans (35). The 
collective observations highlight the contro- 
versy over whether osteocalcin plays a di- 
rect role in regulating glucose homeostasis 
in humans, as is the case from the animal 
studies. It is possible that previous human 
studies showing the association between 
circulating osteocalcin and favorable meta- 
bolic profiles were merely correlations. 

In addition, it has been reported that 
about 25% of subjects with prediabetes 
progress to type 2 diabetes in 5 years (36). 
In addition, results of several recent pro- 
spective studies support the suggestion 
that the rate of progression to type 2 diabe- 
tes may be even higher, averaging 10-12% 
per year (37-39). However, only 13% (79 
of 607) of our subjects with prediabetes 
progressed to diabetes during the mean 8- 
year mean follow-up. This may be partly 
because our study subjects presented for 
medical health check-ups. They may have 
been healthier than others in the general 
population. Consequently, although the 
rate of incident diabetes showed a ten- 
dency to decrease in subjects with upper 
serum osteocalcin tertile, it could not 
reach statistical significance. 

Apart from its being a retrospective fol- 
low-up study in nature, this study had several 
limitations. First, according to the initial 
observations of Lee et al. (4), only the uncar- 
boxylated form of osteocalcin has the ability 
to induce insulin secretion and the expression 



of genes encoding adiponectin and insulin. 
As a result, glucose metabolism is improved. 
In contrast, carboxylated osteocalcin was 
found to have none of these effects. However, 
we did not differentiate serum osteocalcin 
with respect to the 7-carboxylation status 
and only measured the total form of osteocal- 
cin, instead of directly measuring carboxyl- 
ated and uncarboxylated osteocalcin. 
Therefore, we do not know the differential 
mechanism of both types of osteocalcin to 
regulate insulin secretion and insulin sensitiv- 
ity. Second, although we limited the subjects 
to middle-aged men to minimize the effects 
of age, sex, and altered bone turnover on 
serum osteocalcin levels, we could not en- 
tirely exclude the effects of age, sex, and 
other variables in the associations between 
plasma osteocalcin levels and glucose me- 
tabolism. Therefore, the additional mea- 
surement of bone resorption markers may 
further clarify the potential association be- 
tween osteocalcin and glucose homeosta- 
sis. Third, data regarding concurrent 
medication, which may affect bone turn- 
over and serum osteocalcin levels, includ- 
ing calcium supplements, vitamin D 
supplements, and osteoporosis medica- 
tions, were not determined. Fourth, 
vitamin D deficiency increases bone 
remodeling and may increase serum 
osteocalcin levels. However, vitamin D sta- 
tus measured by serum 25-hydroxyvitamin 
D was not assessed in this study. Finally, 
we did not use the oral glucose tolerance 
test or HbA lc for the diagnosis of diabe- 
tes. Thus, the incidence of diabetes might 
be underestimated. However, the devel- 
opment of diabetes was regularly fol- 
lowed not only at the Health Promotion 
Center but also on an out-patient basis 
and during hospitalization by medical 
record review. Thus, we could minimize 
the number of undiagnosed subjects with 
diabetes. 

Despite these limitations, this is the 
first study to investigate whether serum 
osteocalcin is associated with the develop- 
ment of incident diabetes in a relatively 
large sample size and long-term follow-up 
period with valid statistical methods. In 
conclusion, serum osteocalcin level is not 
associated with the development of type 2 
diabetes in middle-aged male Koreans. 
However, further prospective studies to 
examine the role of undercarboxylated 
osteocalcin on the development of diabetes 
are warranted. 
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